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Mark Ainsworth(2014)has studied the ability of high order numerical methods to
propagate discrete waves at the same speed as the physical waves in the case of the
one-way wave equation. His paper presents a detailed analysis of the finite element
method including an explicit form for the discrete dispersion relation. And a compar-
ison is made with the discontinuous Galerkin method with centred fluxes. However, it
is shown that the accuracy of both of high order finite element scheme and discontinu-
ous Galerkin method will be affected by the odd-even order of the polynomial degree.
That is to say, the error estimates of discrete waves share different forms as degree of
polynomials being odd and even. Moreover, the accuracy of error estimates changes
heterogeneously when polynomial degree increases. Therefore, our intention is to find
another method to do the same estimation without that difference.
In this paper, we try to use Dual-Petrov-Galerkin method which contains series of
advantages to propagate discrete waves for the same equation and get the correspond-
ing discrete Floquet multiplier and the relative accuracy of the approximation. By com-
paring the accuracy of the approximation of two methods, it’s shown that Dual-Petrov-
Galerkin method indeed avoids the difference in odd and even order of the polynomials-
especially has better accuracy with even order.
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@tu+ c @xu = 0; x 2 R; t > 0 (1.1)
该方程有一个关键性特征：对于每一个给定的时间频率!，存在非平凡解
u(x; t) = ei!tU(x) (1.2)
其中，U(x) = e ikx, k = !=c.
波数k和时间频率!之间的关系k = !=c为连续问题的扩散关系，而函
数U(x)满足Bloch波条件




uh;N(x; t) = e
i!tUh;N(x) (1.4)
其中，Uh;N属于所用数值方法所涉及的离散空间，且满足


































































1    xdd ; jj = 1 + 2 +   + dg
(3)
C0(








H1(a; b) = fu 2 L2(a; b) : @xu 2 L2(a; b)g
H10 (a; b) = fu 2 H1(a; b) : u(a) = u(b) = 0g
(5) L2!(a; b)上的内积< ;  >满足：
1: < u; v >=< v; u > 8u; v 2 L2!(a; b)
2: < v; v > 0 8 v 2 L2!(a; b)


















1 k = j
0 k 6= j
(7) PN表示次数不超过N的多项式的集合
(8) A . B表示存在正常数c使得A  cB













(10) (Gronwall不等式)设h(t); y(t)为定义在[a; b]上的连续实函数，h(t) 
0且单调不减，c > 0，若对于一切t 2 [a; b]，有

























































h := fvh 2 C0(




1; : : : ; Nh，Nh为点的总数，则基函数'i 2 Xkh满足










































hf; gi := (f; g)! :=
Z b
a
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